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INTRODUCTION 

This paper describes an experiment conducted to inves-

tigate some factors associated with intellectual performance 

in older adults and reviews the recent literature on age and 

intellectual performance. A summary of the present exper-

iment is presented in this preface. The introduction reviews 

the current literature and discusses the methodological 

issues in the field of aging and cognition. The remaining 

sections of the paper describe the present experiment in 
. . 

detail and conclude with an interpretation and discussion of 

the results of this research. 

The present experiment was designed to compare the 

effectiveness of training and practice on two tests of indue-

tive reasoning administered to older adults of three levels 

of problem solving ability. The present research attempts to 

clarify issues of strategy formation and strategy inter-

ference raised by Labouvie-Vief and Gonda (1975). The pur-

pose of this experiment is to determine the effects of train-

ing and practice on persons who initially scored high, aver-

age or low on a test of problem solving strategy. Individual 

differences may make one type of training more appropriate 

for a particular person than another type of training or 

practice. People already functioning at a high level of 

1 



intellectual competence may benefit more from practice while 

people initially functioning at a low level may benefit more 

from self-instructional training which provides strategies 

for them to imitate. 

In the present study, participants were randomly 

assigned to one of three conditions: training, practice, or 

control. Participants were pretested to measure their ini

tial problem solving ability and after all the data were 

collected they were assigned to one of three groups on the 

basis of their pretest scores: high, middle, and low. The 

data were analyzed to determine the relationship between 

level of problem solving ability and type of training or 

practice received. 

2 

The following hypotheses were tested: (a) both the 

training practice groups score significantly higher on the 

Letter Sets Test on the immediate and delayed posttests ~~an 

the control group; (b) both the training and practice groups 

score significantly higher on the Standard Progressive 

Matrices than the control group; (c) the high-scoring group 

on the Problem Solving Test is already able to use efficient 

strategies, therefore, practice adds more to the high-scoring 

group's performance on the Letter Sets Test than self

guidance training; and (d) the low-scoring group on the 

Problem Solving Test initially possesses relatively ineffi

cient strategies for problem-solving and the provision of 

strategies for them, as in the self-guidance training, adds 



more to their performance on the Letter Sets Test than prac

tice does. The results of the experiment are reported in 

full in later sections of this paper. 

3 



REVIEW OF THE LITERATURE AND HYPOTHESES OF THE PRESENT STUDY 

There is a controversy over the relationship of chrono

logical age and intellectual functioning (Kuhlen, 1963; 

Schaie & Strother, 1968). Traditional cross-sectional 

designs have shown that older people do more poorly on intel

lectual tasks than younger people. On the other hand, longi

tudinal studies have shown that intellectual processes remain 

relatively stable throughout the life span. Four research 

studies have shown that intellectual decline is less related 

to chronological age than to distance from death (Jarvik, 

Eisdorfer, & Blum, 1973; Kleemeier, 1961, 1962; Riegel & 

Riegel, 1972). These studies indicate that there is no 

simple relationship between chronological age and intel

lectual performance. 

The lack of psychological models which adequately 

explain intellectual performance in the later years of life 

was noted by Baltes and Labouvie (1973). They stated that 

the belief that advanced age leads to intellectual decline 

has precluded research examining the relationship of environ

mental factors to cognitive functioning in old age. Schaie 

(1977) described three models of aging which underlie most 

research studies in the field, "irreversible decrement, 

stability, and decrement with compensation" (p. 40). Schaie 
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observed that the model of irreversible decrement has been 

the most widely used. This model assumes that a maximal 

level of functioning is reached at some point in adulthood, 

then functioning declines with the decline accelerating at 

5 

the upper ages of the age span. The stability model de

scribed by Schaie postulates the relative stability of psycho

logical processes throughout adulthood until the few years 

preceding death. Schaie noted that the stability model is 

the most common in personality studies and suggested it may 

also be applicable to the concept of crystallized intel

ligence which refers to stored information such as vocabu

lary. The "decrement with compensation" model is used by the 

researcher who attempts intervention with the aged. The 

model assumes decrement related to age but supposes that 

these decrements can be ameliorated by environmental changes 

and experimental intervention. This third model has been the 

least commonly used and relatively few studies have attempted 

to improve intellectual performance among older adults. 

The current issues in the development psychology of 

adulthood and aging and the limitations of the traditional 

cross-sectional and longitudinal designs are discussed in 

this paper. New research strategies, results of efforts to 

assist the aged in improving their performance on intel

lectual tasks are reviewed, and the present experiment is 

described in detail. 

Recent articles on aging and cognition can be 
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classified into three major categories: studies using the 

traditional cross-sectional and longitudinal methods of 

development psychology, articles focused on methodological 

issues, and experimental studies of factors associated with 

intellectual performance in the aged. The discrepancy in 

findings between longitudinal and cross-sectional designs has 

led to an increased concern and sophistication in methodo

logy. Experimental studies in the field of aging and cogni

tion have been rare in the past, but there is now an accel

erated interest in such studies in an attempt to understand 

the processes underlying observed changes in intellectual 

functioning with age. It appeared useful, therefore, to 

describe the current literature in the field of cognition and 

aging to put the present experiment in perspective. 

The Task of Developmental Psychologists 

Baltes and Goulet (1970) stated "Human life-span 

developmental psychology is concerned with the description 

and explication of ontogenetic (age-related) behavioral 

change from birth to death" (p. 13). The definition implies 

that change occurs throughout the entire life span and that 

developmental psychologists must do more than describe the 

changes but must specify causes as well. Buss (1974) pre

sented a three-dimensional model to show how various research 

strategies relate. The model presents developmental psycho

logy as the study of differences between individuals, 
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intraindividual differences, and intraindividual changes over 

time. 

Wohlwill (1970) distinguished between age differences 

and age changes. Age differences are the observed differ

ences between two age groups at one point in time. Age 

differences are obtained by the cross-sectional method. Age 

changes are changes within one individual over time and 

longitudinal studies yield this type of information. Use of 

the cross-sectional design allows comparison of groups of 

different ages at one point in time and is useful for measur

ing interindividual differences. The longitudinal design 

measures intraindividual changes over time and can be used to 

measure intraindividual differences as well. DeveJopmental 

psychology includes the study of patterns of change as well 

as the study of individual differences and variations in 

patterns of development. 

The status of age as a variable in developmental 

research and the adequacy of age functions relating changes 

in abilities to age has been called into question. A promi

nent researcher in the field, Birren (1959), wrote that aging 

is "closely related to chronological age but not identical 

with it" {p. 6). Birren suggested that age could sometimes 

be an independent variable and at other times age could be a 

dependent variable. He specified three kinds of aging to 

clarify the issue: "biological age" (length of life), 
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"psychological age ••. adaptive capacities ••. based upon both the 

achievements and the potentials of the individual" and "social 

age ••• acquired social habits and status ••. filling the many 

social roles or expectancies of a person of his age in his 

culture and social group" (p.l8). 

These three kinds of aging may be illustrated with 

examples from cognitive development to show their relevance. 

Biological health was found to be extremely important to the 

intellectual functioning of aged persons (Botwinick & Birren, 

1963). T?e factor of general ability (measured by intelli

gence tests) was found to be influenced more by the amount of 

education a person had than by that person's biological age 

(Botwinick, 1973). Cultural and social expectations can 

facilitate but more often seem to hinder intellectual pursuits 

for older persons (Labouvie, Hoyer, Baltes, & Baltes, 1974). 

In contrast to Birren who stated that age could some

times be an independent variable, Wohlwill (1970) stated that 

age is not an independent variable but should be used as a 

dependent variable in developmental research. Wohlwill argued 

that when age is used as an independent variable the re

searchers are studying "age differences rather than age 

changes" (p. 49). According to him such research is not 

developmental and age is only a shorthand for the set of 

variables occurring over time. In other words, age itself is 

not the cause of development, but the factors that occur 



during the time interval that we call age are the causes of 

development. 
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Wohlwill further stated that the mapping of age func

tions for various abilities is only the first step in develop

mental research. Age functions are descriptive but do not 

actually explain the causes of development and that explica

tion is the end goal of developmental theory. 

Traditional Methods of Developmental Research 

The cross-sectional and longitudinal methods have been 

the traditional research designs used to collect information 

on human development. Each method has advantages and disadvan

tages. Some difficulties are of a practical nature, but more 

serious problems are those involving interpretation of the 

results. 

One concern is the representativeness of the sample. 

The longitudinal method involves following a group of indivi

duals over a period of years. It has the advantage of allow

ing intensive study of these individuals over time, but the 

method requires a long-term commitment on the part of the 

subjects as well as the researchers. It is expensive to 

recontact subjects and sometimes subjects are lost because 

they move without leaving their forwarding addresses or with

draw their agreement to participate in the study. Related to 

this practical problem of subject dropout is the theoretical 

issue of representativeness of the sample of remaining 
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subjects. Participants in longitudinal studies are likely to 

be more educated and more motivated than average. As subjects 

participate in the study they are given tests and interviewed 

repeatedly over a period of years. Even if a sample of sub

jects was representative at the beginning of the study, the 

testing procedures and intermittent periods of scrutiny could 

affect the subjects' perception of their development. 

In dealing with aged subjects the issue of selective 

drop-out is more serious due to the loss of some subjects to 

death. Since every longitudinal study has the problem of 

subject attrition, individuals remaining in the sample are not 

representative of the population from which the subjects were 

originally selected •. Birren (1959) discussed some reasons why 

longitudinal data may artifactually make older persons appear 

to be more competent or more stable in intellectual function

ing than they actually are. Birren cited evidence to indicate 

that long-term participants are significantly more healthy and 

better in many aspects of functioning than participants who 

drop-out because of death, lack of interest, or other reasons. 

Riegel and Riegel (1972) found that participants who withdrew 

from their longitudinal study were statistically more likely 

to be near death and that a sharp decline in intellectual 

performance often occurred shortly before natural death. 

Therefore, persons with poor health and impaired functioning 

will not be represented as often in later testings of the 
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long-term studies. Those studies will present an overly 

optimistic picture of the relationship of age and intellectual 

functioning. 

A second concern of researchers is social change. 

Cross-sectional studies involve the comparison of groups of 

individuals of various ages at one point in time. The problem 

of selective drop-out that was a disadvantage for the longi

tudinal design is not an issue for cross-sectional studies. 

One theoretical issue is whether or not the age differences 

observed are due to universal patterns of development or due 

to the unique historical-cultural events which affect each 

cohort differentially. Kuhlen (1940) first raised this issue 

when he warned that social changes over time might account for 

a large proportion of the variance that researchers report as 

due to age. For example, the number of years spent in formal 

education by young people in the United States has greatly 

increased since the beginning of this century. Age differ

ences between subjects who are 80, 60, 40, and 20 years of age 

will be influenced by this factor of formal schooling, as well 

as more subtle factors not as easily quantifiable as years of 

schooling. 

In 1963 Kuhlen advised that longitudinal studies as 

well as cross-sectional studies were affected by cultural 

change. Kuhlen suggested longitudinal studies may find older 

persons scoring better than when they were younger because of 
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increased stimulation due to the media. Cultural change 

probably affects different age groups in different ways. One 

of the solutions for this problem recommended by Kuhlen will 

be discussed in a later section of this paper. 

Age-appropriate Measurement 

The construction of instruments to measure specific 

attributes in various age groups is both a practical and 

theoretical concern. Schaie and Gribbin (1975) asked whether 

observed age differences between groups indicate real differ

ences or only that the researchers are measuring different 

attributes. Researchers need to insure that instruments are 

comparable if they use different instruments for different age 

groups. If researchers administer the same instrument to 

different age groups, they still might not achieve compara

bility because the instruments could be perceived differently 

by the various age groups. 

Kohlberg (1973) applied the distinction between compe

tence and performance to the field of cognition and aging. 

Competence can be inferred from observation of performance but 

one cannot infer lack of competence from failure to observe a 

specified performance. Motivation is a factor in performance. 

An individual needs to perceive incentives to demonstrate 

certain behaviors. This distinction means that the aged may 

be more competent than their performance would indicate. 

There are many reasons why older persons may score poorly on 
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tests of intellectual functioning even though they may have 

high ability. Some of the factors contributing to poor perfor

mance are the content of the test, physiological factors, 

mental set, motivation, familiarity with the testing situa

tion, and level of formal education completed. These factors 

are highlighted in the following discussion. 

The content of the test may not be suitable for older 

persons. The first intelligence test, the Binet-Simon Scale 

of 1905, was developed to determine which children could 

benefit from formal schooling (Anastasi, 1968). Today the 

intelligence tests are heavily weighted.with items related to 

academic achievement. Demming and Pressey (1957) pointed out 

that IQ tests are biased against the aged on the basis that 

the items are not appropriate for aged persons in terms of 

their day to day functioning. 

The presence of chronic disease increases with age 

(Timiras, 1972). With age there are impairments of sight and 

hearing (Kimmel, 1974). Tests of reaction time indicate the 

more complex sensorimotor skills such as tracking a moving 

target show an increased reaction time for elderly persons. 

Furry and Baltes (1973) reported that the performance of the 

aged is more affected by fatigue than the performance of 

younger persons. 

Mental set can affect performance on an intelligence 

test. Botwinick (1967) observed that older persons were more 
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likely to withhold a response that might be correct than to 

risk giving an incorrect response. Some researchers have 

suggested that part of the increase in time needed for per

formance is due to the slowing of the central nervous system 

while part might be due to a general slowness in movement. 

Part of the slowing of response might be due to mental set 

factors, such as cautiousness. Kimmel (1974) discussed the 

mental set of the aged and pointed out that cautiousness and 

avoidance of unnecessary risks may be adaptive strategies for 

the elderly as a means of coping with their decrements in 

perceptual speed and slowness of movement. It is easy to 

understand how such responses would be adaptive especially in 

large cities with risks associated with everyday occurrences, 

such as crossing busy intersections or getting onto fast 

moving escalators. Although these coping strategies may 

reduce the risk of injury in the outside world, they may serve 

to increase reaction time and work to the disadvantage of the 

aged in laboratory tests or standardized tests. 

There may be a lack of motivation on the part of the 

aged subjects to perform well (Hoyer, Labouvie & Baltes; 

1973). Younger subjects may be motivated by the values of 

doing well in school or obtaining entrance to a school or 

career (Lindsley, 1964). The content of the test may seem 

childish or irrelevant to the aged person because they asso

ciated tests with school. 
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Younger persons are accustomed to taking tests and 

have more experience and sophistication in test-taking than 

older persons. If the test has a computer graded score sheet, 

the aged may be at a disadvantage because of vision, speed, 

and lack of familiarity with such tests. They may be more 

likely to show anxiety when required to perform in an unfami

liar situation (Murrell, 1970). Test-taking situations are 

unusual events in the daily life of an older person and may 

arouse anxiety due to apprehension about being evaluated, 

especially since older persons are aware of the widespread 

belief that there is a natural decline in intellectual proc

esses in old age (Tuckman & Lorge, 1952). The majority of 

healthy aged persons who were interviewed by Tuckman and Lorge 

agreed with the statement that "the elderly cannot learn new 

things" (p. 339). 

Level of education was found to be highly correlated 

with the general component of overall intellectual ability as 

measured by the Wechsler Adult Intelligence Scale (Birren & 

Morrison, 1961). The aged population as a whole has had fewer 

years of formal schooling than the younger generations. When 

intellectual functioning is assessed in a cross-sectional 

study, these generational differences may give the appearance 

that intelligence decreases with age. In the past, formal 

schooling at the lower grades relied more heavily on memori

zation so the type of schooling may have a subtle effect 



on how appropriate a particular task is for comparing the 

performance of different generations. 

Statistical ~ Sampling Issues 

Birren (1959) reported that elderly subjects are more 

different from one another than are young adults subjects. 

This makes it difficult to identify a representative sample 

of the aged and also affects any statistical analyses of the 

data. Birren contrasted two types of research design: the 

representative (ecological) and the experimental. Repre

sentative designs require repre~entative samples, environ

ments, and time samples. Research should include institu

tionalized aged as well, or should be restricted to either 

institutionalized or the noninstitutionalized and the 

conclusions restricted in their generalizability. Birren 

noted that generalizations based on cross-sectional designs 

have a built-in survivorship bias. Since death does not 

occur randomly, the survivors will be systematically 

differ~nt from nonsurvivors. 

16 

Birren also highlighted problems that occur when a 

researcher must use volunteer subjects, as is often the case 

when healthy noninstitutionalized adults are the participants 

in the research. The use of volunteers presents difficulties 

in generalizing to the entire population. Volunteers tend to 

be physically and psychologically healthier than nonvolun

teers. 
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Studies using change scores may lead to spurious conclu

sions due to the phenomenon of regression to the mean (Cron

bach & Furby, 1970). How seriously regression to the mean may 

affect the interpretation of change scores was demonstrated by 

Baltes, Nesselroade, Schaie, and Labouvie (1972). They per

formed two separate sets of statistical analyses on data from 

a cross-sequential design. The first analysis of variance 

yielded an Ability Level by Occasion interaction, which indi

cated that persons scoring high on the first testing tended to 

decline on the second test and persons scoring low on the 

first test tended to increase their scores on the second 

testing. The second analysis used a time-reversed control 

analysis as suggested by Campbell and Stanley (1963). This 

analysis involved dividing the data from the second testing 

into three ability levels and comparing performance on the 

second test to the first test. These results showed that 

persons scoring highest on the second test had increased their 

scores from the first testing and persons scoring lowest on 

the second test had declined from the first testing. Persons 

in the middle ability group showed little change. These 

inconsistent age trends are found when the changes in scores 

are due to fallible measurements and regression effects. 

Subjects who scored high at either testing were influenced by 

large positive errors of measurement, while subjects who 

scored low were affected by large negative errors of 
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measurement. The middle scores are more stable and not as 

affected by errors of measurement. If the researchers had 

used only the analysis of variance without the time-reversed 

controls, they might have reached a false conclusion as to 

differential changes of persons of various ability levels. 

Research Strategies for Developmental Research with Older 

Adults 

In this section solutions to some of the problems 

stated above are discussed. Research strategies appropriate 

for life-span studies are: (a) cross-sequential designs, (b) 

a multiple-measure approach, (c) the development of age

appropriate measurement, (d) a9e-simulation and age-manipula

tion, and (e) the.ecological analysis of intellectual beha

vior. Each strategy is described and suggestions for future 

data collection in the field of cognition and aging are re

viewed. 

Difficulties in the interpretation of the cross-sec

tional and longitudinal designs have led to a renewed interest 

in methodology in developmental research. After noting the 

difficulty with interpreting the effects of social change, 

Kuhlen (1963) stated that researchers should combine cross

sectional and longitudinal methods by adding cross-sectional 

data collection to longitudinal studies. Schaie (1965) dis

cussed a more detailed plan combining the cross-sectional and 

longitudinal methods which he called a cross-sequential 



design. ·This"plan uses the advantages of each method while 

the disadvantages of each method are lessened. Schaie pro

posed a sophisticated statistical procedure to separate the 

confounded factors of age and cohort. Schaie and his col

leagues have used this cross-sequential approach and the 

results obtained by this method are discussed in a later 

section of this paper. 
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Baltes and Goulet (1970) expressed the need for the 

measurement of multiple determinants of behavior. Subsequent 

articles (Baltes & Nesselroade, 1973; Nesselroade, 1970; 

Nesselroade, Schaie, & Baltes, 1972; Neugarten, 1977) have 

addressed the same issue. There is also a need for a 

multiple-dimension approach for the measurement of aspects of 

intelligence. Data indicate that there are differential 

patterns of aspects of intellectual functioning throughout the 

life-span (Horn & Cattell, 1966; Schaie & Strother, 1968a, 

1968b). Some aspects remain relatively stable, some decline 

with age and some increase with age. There is a need for a 

multiple measure approach at least for the area of intelli

gence. 

Baltes and Labouvie (1973) raised the issue of age- and 

cohort-specific validities for instruments used to measure 

intellectual performance. They concluded that intelligence 

tests developed for academic selection are not applicable to 

older groups. Demming and Pressey (1957) constructed an 
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intelligence test for older adults. They included questions 

of a practical nature that would measure a person's knowledge 

of the world. For example, some questions were on how to use 

the yellow pages of the phone book, some on how to obtain 

legal assistance, and other information that a person learns 

through experience rather than formal schooling. Aged adults 

scored higher on this test than did young adults, even if 

those aged adults had scored lower on the conventional tests. 

Although the Demming and Pressey test has been used to illus

trate the advantages of age-appropriate measurement, this 

test has not been widely used in research studies. 

Baltes and Goulet (1970, 1971) recommended that the 

status of age as a developmental variable be re-examined 

since chronological age is a nonpsychological variable. In 

line with Birren's (1959) suggestion of using the concepts of 

biological age, sociological age, and psychological age, they 

recommended exploration of age as a variable. They reported 

that researchers have used hypnotic age regression to simu

late age manipulation. Related work has been on the percep

tion of age and the attribution of qualities to persons based 

on their perceived age. 

Bijou and Baer (1963) and Baer (1973) recommended the 

use of behavior modification techniques to induce development 

within a short time span so that the process can be observed 

more closely. They stated that development appears to be 
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ordered by age because in the usual environment, contigencies 

occur at specific ages to reinforce those behaviors which are 

termed developmental. Wohlwill (1970) criticized Bijou and 

Baer's position for trying to deal with the concept of age by 

attempting to program developmental change directly by sub

jecting individuals to specific histories of reinforcement. 

These attempts have by necessity used narrowly limited re

sponses and specific stimuli. Wohlwill stated his disapproval 

of this method and stated his belief that it is not a viable 

approach because many developmental changes, especially in 

perception and cognition, occur in uniform sequences and at 

similar rates under diverse environmental conditions. A 

particular environment affects the rate and level of develop

ment but no one specific environment is necessary for that 

developmental change to occur. Wohlwill specifically excluded 

such skills as swimming, reading, and writing because these 

skills require special training and are not usually considered 

developmental. 

Wohlwill's and Bijou and Baer's positions can be con

ceptualized as the organismic and the mechanistic approaches, 

respectively (Reese & Overton, 1970). The philosophical bases 

for the two approaches are incompatible and are reflected in 

the terminology, data collection methods, and interpretations 

of results. According to Reese and Overton these differences 

are so pervasive that they cannot be settled by empirical 



research because each side would interpret the research 

differently. The two approaches exist side by side, each 

offering different insights into the complexity of devel

opmental processes. 
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Wohlwill (1970) called for more descriptive research 

relating behavior to the environment in a broad sense. He 

criticized Bijou and Baer (1963) for studying narrowly 

limited aspects of behavior and instead recommended that 

researchers look for qualitatiye change. Wohlwill stated 

that develo'pmental research requires "(a) that substantial, 

reasonably situationally independent age changes occur with 

respect to the given behavior and (b) that the changes are 

not easily explained by highly specific experience" (p. 62) 

such as a particular learning history or practice. In his 

definition, Wohlwill seems to be specifically ruling out the 

research method recommended by Bijou and Baer (1963) and Baer 

(1973) by stating that such methods do not produce true 

developmental changes. Wohlwill (1970) called for basic and 

applied research on person-environment relations. 

Labouvie, Hoyer, Baltes, and Baltes (1974) stated 

their belief that intellectual deficits in advanced adulthood 

and old age are largely due to reinforcement and practice 

deficiencies as well as cohort effects. They called for more 

research aimed at modifying the intellectual performance of 

the elderly. They suggested that an operant analysis of the 
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environment of the aged person would be useful for a descrip

tion of the aging process and for modifying behavior to 

optimal levels. 

Bijou, Peterson, and Ault (1968) recommended the use 

of frequency of occurrence measures to integrate descriptive 

and experimental field studies. A descriptive-field study 

uses frequency measures that (a) specify in objective terms 

the situation in which the study is conducted, (b) define and 

record behavioral and environmental events in observable 

terms, and (c) allow for measurement of observer reliability. 

Field- descriptive studies could be used to reveal relation

ships in the usual ecological settings and provide cues for 

experimental studies. Field-experimental studies would 

suggest the need for describing new interactions in specific 

natural situations. 

Intelligence and Aging: Research Findings 

In this section the most widely cited articles on 

aspects of intellectual functioning in the older adult are 

reviewed. Many of the researchers who were noted in the 

section on methodology have also been active in the field of 

intellectual functioning of the older adult. 

Differential patterns of performance on the Wechsler 

Adult Intelligence Scale. Many researchers have used the 

Wechsler Adult Intelligence Scale (WAIS) which contains 11 

subtests in two categories, the verbal subtests and the 
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performance subtests. On the WAIS, the elderly show little 

decline in verbal ability and stored information as they grow 

older. However, psychomotor skills which involve speed and 

perceptual-integrative skills decline more rapidly (Berko

witz, 1965; Hallenbeck, 1964; Norman, 1966). This pattern of 

more decline on the performance subtests than on the verbal 

subtests has been replicated by many researchers so Botwinick 

(1977) has termed this a "classic aging pattern" (p. 584). 

Norman and Daley (1959) studied intellectually superior women 

and Botwinick and Birren (1963) studied exceptionally healthy 

elderly men and both teams found the same pattern of results. 

Botwinick and Birren emphasized the extreme importance of 

physical health and physiological factors. Even slight 

alterations of optimum health adversely affected intellectual 

functioning in their subjects. Elderly persons who are 

diagnosed as psychotic also show the pattern of verbal scores 

being higher than performance scores (Botwinick & Birren, 

1951). 

Reed and Reitan (1963) administered 11 of the 

Wechsler-Bellevue subtests and 18 other subtests to test their 

hypothesis that there would be smaller differences between age 

groups on tests of stored information and greater differences 

between age groups on tests of problem solving skills. Their 

hypothesis was supported by the data. 
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Fluid intelligence versus crystallized intelligence. 

Cattell (1963) proposed a theory of intelligence which has 

two major dimensions: fluid and crystallized. The fluid 

dimension is based on genetic potential which is developed 

through interaction with the environment. The crystallized 

dimension is based on learned information and is greatly 

affected by formal schooling. The two dimensions are cor

related (Horn, 1968) but the correlation has been found to 

decrease with age, as the factor of experience influences the 

crystallized dimension to a greater degr~e than the fluid 

dimension (Cunningham, Clayton, & Overton, 1975; Horn, 1970). 

Horn and Cattell (1966) presented data from a cross

sectional study which showed that fluid intelligence in

creases up to young adulthood and slowly declines while the 

crystallized intelligence increases up to late adulthood and 

only shows a slight decline afterwards. Fluid intelligence 

is closely related to genetic factors and is measured by such 

tests as Inductive Reasoning and Figural Relations. Crystal

lized intelligence is dependent on learning and is measured 

by tests such as Verbal Comprehension and Vocabulary. These 

findings are consonant with the differential patterns of 

performance by the aged on the verbal and performance sub

tests of the WAIS. 

Schaie had observed the discrepancy between conclu

sions reached from research using the longitudinal and the 
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cross-sectional methods and in 1956 he began a project to 

determine the cause of this discrepancy. In a series of 

articles (Schaie & Labouvie-Vief, 1974; Schaie & Strother, 

1968a, 1968b} Schaie and his colleagues reported results of 

two cross-sequential studies using a stratified random sample 

of adults aged 20 to 70 years. The adults were tested on 

Thorndike's Primary Mental Abilities Test and Schaie's Test 

of Behavioral Rigidity. Participants were retested 7 years 

after the original testing and retest data were obtained from 

301 of the 500 original subjects. The factor-analysis of the 

data yielded four general factors: (a} crystallized intelli

gence which is a combination of skills that are learned 

through education such as verbal comprehension, number 

skills, and reasoning; (b) cognitive flexibility which is the 

ability to shift from one way of thinking to another, (e.g. 

to provide the synonym or antonym for a word depending upon 

whether the word is typed in large or small letters); (c) 

visuo-motor flexibility which is the ability to move from 

visual to motor skills and back again (an example is a task 

to copy words but to make large letters small and small 

letters large); (d) visualization which is the ability to 

process visual material and make sense of it (an example is 

to find a simple picture in a complex one). For Schaie's 

study there was a decline in only one factor due to age and 

that was in visuo-motor flexibility. In fact, for two of the 
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factors, crystallized intelligence and visualization, there 

was an increase in scores even for people over 70. Schaie 

analyzed the data with two different methods and found dif

ferent results which can explain why studies using different 

methodologies can lead to different conclusions. When Schaie 

and his colleagues analyzed the data as if only cross-sec

tional data were available, a comparison of different age 

groups gave the pattern of systematic decline with age. 

However, when the data were analyzed longitudinally, there 

was a decline on only one of the four factors, visuo-motor 

flexibility. 

Schaie and Strother (1968b) and Schaie and Labouvie

Vief (1974) acknowledged the problem of selective drop-out of 

subjects that may have affected the above results. To deal 

with the problem, they compared data from their cross-sequen

tial design to an independent random sample of persons from 

matched age groups. This independent random sample was only 

tested once and therefore would not be affected by selective 

drop-out. The patterns of results obtained by the cross

sequential and the independent random sample were similar; 

therefore the researchers concluded that subject attrition 

had not adversely affected the representativeness of the 

cross-sequential data. Schaie and Strother (1968b) suggested 

that the effort usually spent in longitudinal studies could 
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be better spent in selecting representative samples-with more 

members of each age group. 

There are two lessons to be learned from Schaie and 

his colleagues' work. First, we must examine more closely 

the differences between longitudinal and cross-sectional 

methods of research. Second, we need to be more specific 

about what type of intellectual functioning is being dis

cussed rather than just calling the topic intellectual func

tioning since there are some abilities that increase, some 

that remain stable, and some that decline with age (Rosen

felt, Kastenbaum, & Kempler, 1964). 

Terminal drop. Riegel and Riegel (1972) conducted a 

longitudinal study of intellectual functioning of 380 German 

men and women between the ages of 55 and 75. The first 

testing session was in 1956. In 1961, the Riegels retested 

202 of the original subjects. Some of the individuals had 

died and some individuals refused to be retested. The 

Riegels noticed that the 1956 test scores of the deceased 

subjects were, on the average, lower than the scores of the 

survivors. The third testing session took place in 1966, 10 

years after the first testing and 5 years after the second 

testing. Persons who died between the second and third 

testing, tended to have lower scores than average on the 

second testing. In addition to these findings, persons who 

had died between 1961 and 1966 performed more poorly on their 
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second testing than they had on the first testing. There was 

a decline in intellectual performance that began in the years 

preceding death. This decline was named the terminal drop. 

People who refused to be retested in 1961 were more likely to 

die before the third testing in 1966 than people who agreed 

to be retested. The Riegels hypothesized that these indivi

duals were aware of the decline in their abilities and there

fore refused to be tested again. 

In the case of the study by Riegel and Riegel the 

reason for the subjects' dropping-out (death or refusal to be 

retested) is systematically related to the variable under 

consideration (intellectual functioning). Riegel, Riegel, 

and Meyer (1968) stressed the difficulties in interpretation 

of results that occur when remaining subjects in a sample are 

no longer representative of the population from which they 

were drawn. 

Another researcher, Kleemeier (1961, 1962) found 

similar results from a longitudinal study. Kleemeier admin

istered the Wechsler-Bellevue to 13 elderly men four times in 

a period of 12 years. Test scores declined over time. The 

performance for each man declined over time but the rate of 

decline varied. Four of the 13 men died shortly after the 

final testing. When the performance curves of these four 

were compared to the perfor~ance curves of the surviving men, 

a sharp drop in perform~nce was observed for the deceased 

and a gradual decline was observed for the survivors. 



Kleemeier (1962) analyzed data from another study of 70 

elderly men after about half of the individuals were de

ceased. The rate of decline on the performance subtests of 

the Wechsler-Bellevue differentiated those of the survivors 

from the nonsurvivors. The verbal subtests did not have 

discriminative value. 
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Riegel and Riegel (1972) and Kleemeier (1961) specu

lated that there may be a drop in intellectual functioning 

before death due to biological decline. Baltes and Schaie 

(1974) warned that psychological v~riables may contri~ute to 

both the intellectual decline and the biological death. 

Because Kleemeier's samples were very small, Berkowitz (1965) 

replicated the study using a sample of 184 men whose average 

age was 56 at the first testing and 65 at the second testing. 

Berkowitz's data contained some trends in the same direction 

as Kleemeier's data but some trends were opposite. Per

formance on the Wechsler-Bellevue declined in the group that 

died in the 10 months following the second testing; however, 

none of the differences was statistically significant. 

Berkowitz also analyzed the data with respect to initial 

level of ability as measured by the first testing. Survivors 

with low IQ scores at the first testing showed a less steep 

decline on the full score and on the performance subtests 

than nonsurvivors. Survivors with high IQ scores at the 

first testing showed more decline in verbal subtests than did 



the nonsurvivors. This can best be explained as due to 

regression to the mean of the extremely high scores. 

Experimental Studies: Training on Cognitive Tasks 
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Recently there has been an increase in the number of 

studies designed to investigate factors related to age and 

intellectual performance. In the past, few researchers tried 

to improve the intellectual functioning of older adults, 

possibly because of the widespread belief that intellectual 

decline is inevitable. Recently, however, several re

searchers have successfully demonstrated that older adults 

can improve their performance on intellectual tasks through 

practice or traininq to improve their test-taking skills. 

When older adults significantly improve their performance on 

a cognitive task after a short training session, this dra

matic increase in performance supports the view that the 

original poor performance was partially due to the older 

adults' unfamiliarity with the testing situation. In this 

section the results of several studies designed to improve 

the test-taking skills of the older adult are reviewed. The 

subsequent section shows how questions raised by these train

ing studies were addressed by the design of the present 

experiment. 

Use of operant conditioning. Researchers have trained 

older adults to improve their performance on both cognitive 

and performance tasks. Hoyer, Labouvie, and Baltes (1973) 
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reinforced elderly women for increasing their speed in mark

ing standardized answer sheets. This simple training enabled 

these persons to improve their scores on 11 tests of intel

lectual functioning. 

Three studies were focused on the effectiveness of 

reinforcers. Hoyer {1973) emphasized that reinforcers need 

to be specified for different individuals and for different 

age groups. The direct comparison of three types of rein

forcers for the aged was studied with a problem solving task 

{Coleman, 1963). He compared a social reinforcer (a positive 

verbal statement), an immediate monetary reward, and a de

layed monetary reward for each correct response. All groups 

who received reinforcement improved significantly compared to 

the control group. No differential effect was found due to 

type of reinforcement and no generalization was observed to 

similar tasks. An unusual but very effective reinforcer for 

the elderly was the use of Green Stamps to reward faster 

performance in canceling letters and similar tasks (Baltes, 

Hoyer, & Labouvie; cited in Baltes & Schaie, 1974). 

Murrell, Powersland, and Forsaith (1962) found a 

greater difference between younger and older subjects on a 

novel performance task than on a practiced task. Murrell 

(1970) expressed the belief that differences found between 

younger and older subjects on a novel task may be affected by 

differences in the ability to deal with an unfamiliar 
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situation as well as initial differences in the skill itself. 

Murrell provided extensive practice for younger and older 

subjects on a task of reaction time. The older subjects 

showed the most improvement on the task with practice. The 

amount of practice required to eliminate initial age differ-

ences was related to the complexity of the task. 

Use of verbalization and self-instruction. A recent 

review of research in learning and aging concluded that 

"older individuals (at least in the experimental situation) 

· tend not to use mediators spontaneously" (Arenberg & Robert-

son-Tchabo, 1977, p. 445). They also found that when older 

individuals are instructed to use mediators, they do so less 

efficiently than younger persons and older persons have more 

difficulty using mediators supplied by the experimenter. 

Rabbitt (1977) reviewed research on the performance of the 

aged on concept formation tasks. He concluded that the aged, 

compared to younger persons, have more difficulty making 

shifts in a discrimination task if the task becomes complex. 

Older persons tend to organize material to be remembered less 

well than younger persons and older people tend to use 

simpler strategies. He did not find enough evidence to 

support the view that the aged tend to cling to inappropriate 

strategies when faced with new tasks. 

Rabbitt articulated two methodological strategies for 

examining the performance of older people on complex tasks, 
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such as problem solving. The first strategy is to alter the 

task to see how performance may be improved; the second 

strategy is to alter the instructions or provide training to 

see which variations improve performance. The first strategy 

is useful in memory research. If interference is thought to 

inhibit memory in older people, then a study could be de

signed to compare the performance of various age groups on 

tasks which have different levels of interference (Craik, 

1977). The second strategy entails the provision of instruc

tions and/or training designed to remedy the hypothesized 

cause of poor performance by the older person. Studies which 

illustrate the use of the second strategy are discussed in 

this section. 

Training in self-instruction helped elderly persons 

improve their performance on tasks of concept formation, 

problem solving, and inductive reasoning. Crovitz (1966) 

trained aged individuals to talk aloud and to verbalize the 

principles involved in a concept formation task. Their 

performance on the task improved significantly compared to a 

control group who received no training. Meichenbaum (1974) 

suggested that elderly individuals could be trained to use 

self-instructional statements to help them attend to the 

relevant stimulus while they work on a task. First the 

experimenter would act as a model and say appropriate 

self-instructions aloud while working on a task. Then the 
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learner would imitate the experimenter by repeating the same 

self-instructional statements while working on the task. 

Later, the learner would be told to whisper the instructions 

to himself or herself and, finally, the learner would be 

directed to use the statements without visible lip movements 

while working on the task. Meichenbaum and his colleagues 

successfully used this procedure to help hyperactive school 

children (Meichenbaum & Goodman, 1971) and schizophrenic 

patients (Meichenbaum & Cameron, 1973). Meichenbaum recom

mended that this procedure be used with the aged since many 

studies show they often lack appropriate mediational strate

gies. 

Labouvie-Vief and Gonda (1975) used the self-instruc

ional procedure developed by Meichenbaum (1974). The train

ing helped elderly women improve their performance on two 

tests of inductive reasoning, the Letter Sets Test (French, 

Ekstrom, & Price, 1963) and the Standard Progressive Matrices 

(Raven, 1958). The Letter Sets Test presents the individual 

with five sets of four letters. The task is to induce the 

rule relating the four letters within each set to one another 

and to mark the set which does not fit the rule. The Stan

dard Progressive Matrices was used as a transfer task to 

demonstrate generalizability of training. Labouvie-Vief and 

Gonda compared four treatment conditions: (a} self-instruc

tional training, (b) practice, (c) self-instructional 
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training combined with anxiety reduction training, and (d) a 

control condition which provided practice on an irrelevant 

task of word fluency. After training, practice, or working 

on the control group task, the groups were administered two 

tests of inductive reasoning, the Letter Sets Test and a 

transfer task, the Standard Progressive Matrices. Both types 

of training as well as practice were helpful in raising 

performance on the Letter Sets Test compared to the control 

group. However, the anxiety training did not increase per

formance,on the Standard Progressive Matrices. The practice 

group most consistently performed better than the control 

group on both administrations of the Letter Sets Test as well 

as on both administrations of the Standard Progressive 

Matrices. Labouvie-Vief and Gonda (1975) concluded that the 

practice group's superior performance was due to the fact 

that many adults possess their own problem solving strategies 

and the training imposes the experimenter's strategy which 

may interfere with the individual's using or forming her own 

strategy. 

The present research study was designed to clarify the 

issue of strategy formation and strategy interference raised 

by Labouvie-Vief and Gonda (1975). The purpose of the pre

sent experiment was to determine the effects of training and 

practice on persons who initially scored high, average, or 

low on a test of problem solving strategy. Individual 
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differences may make one type of training more appropriate 

for a particular person than another type of training or 

practice. People already functioning at a high level of 

intellectual competence may benefit more from practice: 

people initially functioning at a low level may benefit more 

from self-instructional training which provides strategies 

for them to imitate. 

In the present study, participants were randomly 

assigned to one of three conditions: training, practice, or 

control. Participants were pretested to measure their ini

tial problem solving ability and after all the data were 

collected they were assigned to one of three groups on the 

basis of their pretest scores: hia,h, middle, or low. The 

data were analyzed to determine the relationship between 

level of problem solving ability and type of training or 

practice received. 

Hypotheses of the Present Studv 

The following hypotheses were tested: (a) both the 

training and practice groups score significantly higher on 

the Letter Sets Test at both the immediate and delayed post

tests than the control group; (b) both the training and prac

tice groups score significantly higher on the Standard Pro

gressive Matrices than the control group; (c) the high-scor-

ing group on the Problem Solving Test is already able to use 

efficient strategies, therefore, practice adds more to the high-
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scoring group's performance on the Letter Sets Test than 

self-guidance training; and (d) the low-scoring group on the 

Problem Solving Test initially possesses relatively ineffi

cient strategies for problem solving and the provision of 

strategies for them, as in the self-guidance training, adds 

more to their performance on the Letter Sets than practice 

does. 



METHOD 

Subjects 

Seventy-four older-adult volunteers were interviewed 

and tested. Fourteen individuals were recruited from a 

senior citizens' activity center on the northeast side of 

Chicago, Illinois and eight were recruited from a senior 

citizens' apartment building in the same community. Thirty

four other volunteers were recruited in Chicago, 11 volun

teers were from northern Kentucky, and seven from Dubuque, 

Iowa. 

The age range of the individuals tested was from 57 to 

80 years and the mean age was 67.5 years. Fifty-four volun

teers were female and 20 were male. Mdst were married or 

widowed and all but one had worked outside the horne. Approx

imately 35% had continued their education after high school 

and 53% had worked at or were still working at white collar 

jobs. Seventy-three percent were retired at the time of the 

interview. A summary of the demographic characteristics of 

the participants is presented in Table 1. 

All individuals tested were relatively healthy and 

able to live independently in the community. On a self

rating of health with 120 being a perfect score, the mean 

health rating was 114.20. A rating of 114 would be given to 
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Table 1 

Demographic Characteristics of the Participants (N=74) 

Age (years) 

Education 

Marital Status 

Mean 
SD 
Range 

67.5 
6.7 

57-80 

Some grade school 1 
Graduated 8th grade 17 
Some high school 7 
High school graduate 20 
Some college 19 
College graduate 4 
M.A. 1 
Business or technical 

training 5 

Single (never married) 4 
Married 34 
Remarried 2 
Divorced 4 
Widow/er 30 

Living Arrangement 
. with family or spouse 

With others 
Alone 

Present Work Status 

41 
2 
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Retired 54 
Working Part-Time 10 
Working Full-Time 10 

Past or Present Occupations 
Professional with advanced degree 2 
Teacher, nurse, counselor 6 
Managerial, administrative 5 
White collar, sales 39 
Artist, musician 1 
Technician, skilled 6 
Semiskilled or unskilled 14 
Never worked outside the home 1 
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an individual who indicated they had a mild problem with 

eyesight or hearing and, in addition, a mild problem with a 

chronic disease (such as arthritis or diabetes) and/or mild 

problems with circulation or mobility due to some illness. 

The health rating is described in more detail in the next 

section of this paper. 
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Fourteen individuals had a major life change within 

the 6 months preceding the testing. The death of a spouse or 

close relative, or moving to a new community were defined as 

major life changes for this study. Sixty volunteers reported 

no such major life change in the 6 months before testing. 

The fourteen individuals recruited from the senior 

citizens' center were offered a payment of $7.00 to partici

pate in two hours of testing. Only 11 individuals accepted 

payment. An analysis of their scores showed that their 

scores were not significantly different from the scores of 

the volunteers who did not receive payment. 

Experimenters 

Four female graduate students in psychology tested the 

senior adults in the present study. The author completed 69% 

of the interviews and trained the three assistant re

searchers. The assistants were only told that the three 

types of training were being compared. The assistants were 

not informed of the hypotheses of the present study until all 

the data were collected. Analyses of variance on both 
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administrations of the Letter Sets Test and on the Standard 

Progressive Matrices showed no significant main effect due to 

the experimenters. 

Materials 

All individuals completed six different tests or 

interview schedules: the demographic questionnaire, a self

rating of health (Murphy, 1976), 2 items from the Problem 

Solving Test (adapted from Hill, 1962), the Letter Sets 

Training Booklet or a control group task (designed by the 

experimenter), the Letter Sets Test (French, et al., 1963), 

and the Standard Progressive Matrices (Raven, .1958) • 

Demographic questionnaire and health rating. The 

demographic questionnaire and the self-rating of health are 

in the Appendix. The results of the demographic question

naire are summarized in the preceding section and in Table 1. 

The self-rating of health (Murphy, 1976) listed 19 of the 

most common health problems faced by the aged, and one space 

marked "other" which could be used to describe a problem not 

listed. Each person rated himself or herself on a 6-point 

scale ranging from "no problem" (rated "5") to "serious 

problem" (rated "1") and "total disability" (rated "0"). A 

perfect score of 120 was obtained by persons listing no 

health problems at all. The mean health score was 114.20 

(SD = 4.92) and the range of all scores was 99 to 120. 
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Problem Solving Test. A Problem Solving Test was used 

to measure the initial level of problem solving strategies of 

the participants. This test used a technique developed by 

Rimoldi (1955) to record the successive steps used to solve a 

problem. Rimoldi's technique involves presenting the informa

tion necessary to solve a problem on separate cards in a 

question-answer format. As the problem solver selects a 

pertinent question, the card may be turned over to show the 

answer which is typed on the reverse side. The examiner 

records the order of the questions selected to measure the 

efficiency of the strategy used by the problem solver. Since 

the Problem Solving Test focuses on the process rather than 

on the solution, the test is ideal for examining the strate

gies used by the individual (Hill, 1962; Rimoldi & Haleny, 

1962). 

The Problem Solving Test used in the present experi

ment was based on the Rimoldi technique. The test consisted 

of two items (see Figures 1 & 2), one devised by Hill (1962) 

and the other devised by the present experimenter using the 

same format as Hill. The problems were presented to the 

individual on 3 X 5 inch cards. The information necessary to 

solve the problem, as well as irrelevant information, were 

presented in a question-answer format with the question typed 

on one side of the 3 X 5 card and the answer typed on the 

reverse side. 



44 

Figure 1 

Item 1 of the Problem Solving Test 

Item 1a 

Instructions 

The Jones family and their relatives live together in a large 
house. You are to find out how many female children live in 
this house. You will be able to do this by asking any of the 
following qu~stions. Try to solve the problem by asking as 
few questions as possible. 

Questions 

1. How many people are in the 
Jones family? 

2. How many men and boys are 
in the Jones family? 

3. How many adult women are in 
the Jones family? 

4. How many men are in the 
Jones family? 

5. How many boys are in the 
Jones family? 

6. How many women and girls 
are in the Jones family? 

Answers 

1. Ten people altogether 

2. Seven men and boys 
altogether 

3. Two adult women 

4. Three men 

5. Four boys 

6. Three women and girls 
altogether 

aAdapted from Hill (1962) with slight rewording of the instruc
tions and answers. 



Figure 2 

Item 2 of the Problem Solving Test 

Instructions 

John owns a farm. He has black race horses and white race 
horses. John has black farm horses and white farm horses. 
I want you to figure out how many black farm horses there 
are. Try to solve the problem by asking as few questions 
as possible. 

Questions Answers 
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1. How many horses does John 1. Twenty horses altogether 
have? 

2. How many white horses does 2. Seven white horses 
John have? 

3. How many black horses does 3. Thirteen black horses 
John have? 

4. How many white racing horses 4. Five white racing horses 
does John have? 

5. How many black racing horses 5. Five black racing horses 
does John have? 

6. How many white farm horses 6. Two white farm horses 
does John have? 

bwritten by the present researcher in the format developed 
by Hill (1962). 
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The examiner recorded which questions were selected by 

the participant, the sequence of the questions selected, and 

the time in seconds that the decision required. The items 

from the Problem Solving Test were used because the process 

of problem solving can be closely examined by noting the 

sequence of the chosen questions. A measure of the effi

ciency of the problem solving strategy was obtained by compar

ing the individual's choice of cards to the most direct 

logical sequence. 

The scoring system on the Problem Solving Test was 

based on the Rimoldi technique (1955) which was further 

developed by Hill (1962). The highest score is obtained by 

asking the fewest number of questions necessary to solve a 

problem and by asking those questions in a logical order. 

Scores are determined by allocating weights to each sequence 

of questions. The more direct and logical sequences are 

assigned high weights and sequences consisting of irrelevant 

or redundant questions are assigned low weights. The weights 

are adjusted so that the selection of a relevant question 

early in a sequence yields a higher score than the selection 

of that same question later in a sequence. Weights are 

assigned to sequences so that the sum of the weights of all 

possible sequences equal 1.00. 

To find the score for an individual, the weights of 

the questions selected are added together and the sum is 
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divided by the total number of questions asked as a penalty 

for choosing any redundant questions. (See the Appendix for 

the weights for questions of Items 1 and 2 of the Problem 

Solving Test.) 

Letter Sets Training Booklet and Letter Sets Test. An 

alternate form of the Letter Sets Test (French et al., 1963) 

was used for the training and practice groups in the first 

testing session. The alternate form of the Letter Sets Test 

was developed by the present researcher and contains items 

that are parallel.to the original items. This alternate form 

of the test was developed with the permission of Educational 

Testing Service. The training booklet and instructions were 

constructed according to the guidelines outlined by Labouvie

Vief and Gonda (1975) so that the results of the two experi

ments could be compared. This alternate form of the Letter 

Sets Test was used only for the purposes of training and 

practice. The Training Booklet and the rules for each item 

are in the Appendix. 

The Letter Sets Test was administered to all groups at 

the conclusion of the first testing session. The Letter Sets 

Test is a test of inductive reasoning that is one test of the 

Kit of Reference Tests for Cognitive Factors (French et al., 

1963) based on the factor analysis of abilities. The test 

presents five sets of four letters each in an item. The task 

is to find the rule relating the four letters within each set 



to one another, and to mark the set which does not fit the 

rule. The score on the test is the total number of sets 

correctly marked, minus the number wrong divided by four in 

order to correct for guessing. 
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Standard Progressive Matrices. The Standard Progres

sive Matrices (Raven, 1958) was used as a transfer task to 

estimate the generalizability of the training and practice. 

This is a test of inductive reasoning as is the Letter Sets 

Test. The Standard Progressive Matrices consists of designs 

which have a part of the design removed, similar to a jigsaw 

puzzle with one piece missing. The individual must choose 

the missing insert from six or eight given alternatives. The 

Standard Progressive Matrices was administered and scored 

according to the test manual. 

Control group task. A word fluency test developed by 

the present researcher was given to the control group during 

the first testing session in the place of training or prac

tice on the Letter Sets Test. The word fluency test requires 

the individual to emit in writing the largest possible number 

of words beginning with a specified letter within a limited 

time period. The participants were to write words beginning 

with the following letters: s, c, m, p, and b. There were 

30 blank spaces for each letter. Participants worked on the 

word fluency task until they completed 30 words for each 

letter or until 45 minutes were passed. Practice on this 



task was not expected to improve the individual's score on 

the Letter Sets Test nor on the transfer task because those 

tests are measure of inductive reasoning and differ quali

tatively from the word fluency task. 

Design 

49 

A 3 X 3 blocked design was used. There were three 

levels of scoring on the Problem Solving Test (high, middle, 

and low) and three conditions (training, practice, and con

trol). At the time of testing individuals were randomly 

assigned to either the training, practice, or control group. 

All r4 individuals were prested on the Problem Solving Test 

to assess their initial use of efficient strategies in the 

problem solving process. On the basis of their pretest 

scores individuals were assigned to the high, middle, or 

low-scoring group after all the data were collected. 

The method of scoring of the Problem Solving Test 

leads to a limited number of possible scores and consequently 

there were many tied scores. The experimenter empirically 

determined the boundary scores for the low, middle, and high 

problem solving strategy groups. Boundary scores could not 

be fixed until all the data were collected. Individuals with 

a total score of .02500 to .15510 on the two items were 

assigned to the low problem solving group. Individuals 

scoring between .15740 and .21528 were assigned to the middle 

problem solving strategy group. Those who scored between 
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.22187 and a perfect score of .26388 were assigned to the 

high problem solving group. Table 2 shows the mean and 

standard deviation of each group on the Problem Solving Test. 

Twenty-three individuals were assigned to the low scoring 

group, 27 to the middle group, and 24 to the high scoring 

group. The participants were divided into the three groups 

but due to the tied scores, the groups differed slightly in 

size. This provided a safeguard against experimenter bias. 

At the time of testing the experimenter was not aware of the 

strategy group to which the ,individual would be assigned, 

with the exception of extremely high or low scorers. 

Procedure 

All persons were tested individually in two separate 

sessions. The following introduction was read to each par-

ticipant to explain the purpose and the procedure of the 

testing session: 

There have been many studies about children but we know 
less about adults. I want to learn more about adults and 
how they solve problems. I am trying to teach people how 
to learn something new. We will work on three types of 
problems. I'll explain each one to you so you can be 
sure you know what we are doing before we go on. I'll be 
interviewing many other people and I'm interested in how 
people as a group solve these problems. Each individual 
score will be kept confidential. 

Do you have any questions? (Pause.) If you get tired of 
sitting, tell me and we can take a break. Before we get 
started, I would like to know more about you. 

The examiner completed the demographic questionnaire for each 

person and assisted the person in completing the self-rating 
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Table 2 

Means and Standard Deviations for the Problem Solving Test 
by Treatment Condition and Initial Level of Problem Solving 

Ability 

Level or 
Problem 
Solving 
Test 

Low 

Middle 

High 

Treatment Condition 

Training Practice 
M SD N M SD N 

.11 .03 8 .09 .04 7 

.19 .02 8 .19 .02 9 

.26 .01 8 .26 .02 10 

Control 
M SD N 

.12 .03 7 

.18 .02 11 

.26 .02 6 
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of health. The Problem Solving Test was administered next. 

The following introduction was read to the participant to 

explain the Problem Solving Test: 

First we will work on some problems which need to be 
solved. These problems are like the parlor game Twenty 
Questions or the TV show "What's My Line?" because you 
must ask questions to get at the answer indirectly. (The 
examiner spread the cards containing the questions in 
front of the participant.) These are the questions you 
can use to solve the problem. (The examiner gave the card 
containing the problem instructions to the participant and 
allowed time for the person to read the card.) Now take 
your time to figure out a plan that will allow you to 
solve the problem by asking the least number of questions 
possible. Some of these questions are useful and some are 
not. When you are ready, point to the question you want 
to ask first. (When a question was chosen, the examiner 
noted the number of the question and recorded the time in 
seconds.) All right. The answer is typed on the back of 
the card. (The examiner turned over the card to reveal 
the answer.) Here is the answer. (Many individuals 
selected the next card by themselves. If.the individual 
hesitated, the examiner said: It's too early to solve the 
problem now. We still need more information. Which 
question will you ask now?) This procedure was repeated 
until the individual solved the problem or chose all 6 
questions. 

After Item 1 was completed, the same procedure was used for 

Item 2 of the Problem Solving Test. 

If the person had been randomly assigned to either the 

training or practice group, they worked with the Letter Sets 

Training Booklet. 

The following instructions were read to the training 

group before they began working on the Letter Sets Training 

Booklet: 

These are all practice problems. I will do the first page 
to show you what to do. You will work on the second 
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set of problems while you are talking out loud and I will 
be here to help you. 

First problem set 

Now we'll work on the first problem. Let's see 'What 
do I have to do?' I want to find the rule in each 
set and mark the set that is different. These 
letters look like they are in alphabetical order but 
some of the letters are missing. Now I see. The 
second letter is missing in each set. But in the 
fourth set there are two letters missing. This 
fourth set is different so I will mark it with an X. 
(The examiner can elaborate on this explanation if 
necessary by showing how all but the fourth set 
follow the rule.) 

On this second problem I see that the same letter is 
repeated twice in each set. 'What is the rule in 
this set?' Oh. I see that in most of the sets there 
is only one letter between the two Ks but here in the 
third set there are two letters between the Ks. So I 
will cross out the first set because it is different. 

'What idea can I try on this set?' The letters are 
too mixed up to be in alphabetical order. But the 
first set looks different. I know, the first set is 
made up of all vowels and all the other sets are 
consonants. The first set is different, so I will 
mark it with an X. (Examiner explains which letters 
are vowels, if necessary.) 

'What is the rule in this set?' (pause) The letters 
are in alphabetical order but the middle letter is 
always missing. Now I see that in the third set 
there are two letters missing. The third set is 
different so I will mark it with an X. 

'What idea can I try?' Now in this series for number 
5, I see a lot of the same letter. The letter T is 
in every set but the first set. This one does not 
fit, therefore I'll mark it with an X. 

'What is the rule in this set?' The letters look 
like some of them are in alphabetical order. I see 
the middle letters of each set follow one another in 
the alphabet. But the last set does not follow the 
rule, so I will mark it with an X. 
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Second problem set 

Now I want you to work on the next set of problems. 
Talk out loud and ask yourself questions just like I 
did to help you concentrate on the problem. I will 
help keep you on the right track. (Individual works 
on the problem talking aloud and experimenter moni
tors the verbal statements. The experimenter gives 
feedback and explains the rule if the individual is 
unable to solve the item.) 

Third problem set 

Now I want you to talk aloud to yourself while you 
work on the problems. That is fine. 

Fourth problem set 

Now I want you to work on these problems while you 
are whispering the instructions and questions to 
yourself. 

Fifth problem set 

Now I want you to work on these problems. You can 
give yourself instructions about what to do but I do 
not want you to whisper out loud. Try to work on 
these problems without moving your lips. 

Okay you did very well. I know this is a difficult 
set of problems but you worked very well. These were 
the practice problems. Now I want you to work on 
some similar problems but there will be a time limit. 
Try not to worry about the time but just do the best 
you can. Don't get stuck on one problem if you can't 
figure out the rule. You can skip to the next prob
lem. Do you have any questions? 

The practice group received only the standard instructions 

for the Letter Sets Test which were printed on the cover of 

the Training Booklet. They were told "I am interested in how 

well people can figure out the answers to these problems. Do 

the best you can." The practice group was reinforced each 

time they marked a set with an X, but were not told if they 
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had marked a qorrect or an incorrect set. Some of the indivi

duals asked to be told if they were doing the task correct

ly. They were told "I'm interested in what you can figure 

out on your own. You've been doing well so far." 

If the person had been randomly assigned to the con

trol group, he or she worked on the word fluency task. 

Individuals were permitted to work on the Training Booklet or 

the word fluency task until they completed all the items or 

until 45 minutes had passed. In pilot tests 45 minutes 

seemed to be the maximum time the participants could give 

their full attention to the tasks and training procedures. 

At the end of the first session, all three groups were given 

the Letter Sets Test under standard timed conditions. 

Approximately two weeks after the initial session, 

participants were retested on the Letter Sets Test under 

standard timed conditions. Then the Standard Progressive 

Matrices was administered to assess the generalizability and 

the long-term effects of training or practice. 



RESULTS 

Descriptive statistics, tests of the hypotheses of the 

present study and planned statistical analyses are presented 

in this section. 

Descriptive Statistics 

There was a wide range in scores and in length of time 

required to complete the Problem Solving Test. The mean 

scores, the ranges, and the standard deviations are shown for 

each item in Table 3. One individual received a score of .00 

on item 1 yet 25 persons received a perfect score on the same 

problem. The mean time required to solve item 1 was 2.32 

minutes and to solve item 2 was 2.52 minutes. The time 

required t·o solve item 1 ranged from .20 to 9.98 minutes. 

Length of time required to solve the problem was inversely 

correlated with performance for item 1 (£(72) = -.31, £( 

.004). As noted previously, the scoring method was not based 

on length of time required for solution but only on the 

sequence of questions asked and the total number of questions 

selected. 

The mean numbers of correctly solved items for the 

Letter Sets Test for each condition and each problem solving 

level are listed in Table 4. A comparison of the mean scores 

for each condition of the present study to the mean scores 

56 
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Table 3 

Means, Standard Deviations, and Ranges for Both Items of the 
Problem Solving Test (N = 74) 

Item 1 

Item 2 

Total 
Score 

M 

.096 

.089 

.185 

SD Range 

.04 .00000 - .13194 

.04 .02500 - .13194 

.06 • 02500 - • 26'388 



58 

Table 4a 

Means and Standard Deviations for Letter Sets Test by 
Treatment Condition and Problem Solving Level 

Time of 
Testing 

Problem 
Solving 
Level 

Immediate 
Post test 

Low 
Medium 
High 
Total 

Delayed 
Posttest 

Low 
Medium 
High 
Total 

Combined 
Low 
Medium 
High 
Total 

aThe Ns for 
Lever were 
7' 11' 6. 

Treatment Condition 

Training Practice Control 

M SD M SD M SD 

10.22 4.05 9.21 8.98 7.71 4.27 
9.06 3.05 9.89 7.05 10.43 5.16 

11.38 5.75 15.50 4.46 12.42 3.80 
10.22 4.34 11.86 7.15 10.14 4.76 

8.94 4.49 7.64 8.56 8.29 5.56 
8.72 3.23 11.53 6.64 11.21 5.76 

11.59 5.35 15.28 4.33 13.08 5.20 
9.75 4.45 11.92 6.94 10.82 5.63 

9.58 3.80 8.43 8.71 8.00 4.89 
8.89 3.03 10.71 6.34 10.82 5.24 

11.48 5.29 15.39 4.01 12.75 4.40 
9.98 4.12 11.89 6.75 10.48 5.06 

Training for low, medium and high Problem Solving 
8 1 8' 8 ; for Practice, 7' 9' 10; and for Control, 
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reported by Labouvie-Vief and Gonda (1975) shows that the 

mean scores for the present study were higher for each condi

tion for the Letter Sets Test (see Table 5). The same table 

shows that the means for the present study were significantly 

higher on the Letter Sets Test for the practice condition and 

for the control condition than those reported by Labouvie

Vief and Gonda. 

The mean numbers of correctly solved items for the 

Standard Progressive Matrices for each condition and each 

problem solving group are shown in Table 6. Table 5 shows 

that the mean number correct on the Standard Progressive 

Matrices was significantly higher for the control group of 

the present study than for the control group of the Labouvie

Vief and Gonda study. 

The group means on the Standard Progressive Matrices 

for the treatment conditions of the present study are in the 

70 - 83 percentile range according to norms published by 

Raven (1960). The group means for participants in th~ 

Labouvie-Vief and Gonda study are in the 48 - 66 percentile 

range according to the published norms. 

Planned Statistical Analyses to Test the Four Hypotheses of 

the Present Study 

The data were analyzed for short- and long-term 

effects of training. The extent to which the training and 

the practice were task-specific or generalizable was also 
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Table 5 

Comparison of Means on the Letter Sets Test and Standard 
Progressive Matrices Obtained by Labouvie-Vief and Gonda 

(1975) and by the Present Study 

Labouvie-Vief & Gonda a Present Stud;tb 

Condition M SD M SD 

Training 8.17 5.73 9.98 4.12 
Letter 
Sets Practice 8.07 
Testd 

3.59 11.89 6.75 

Control 5.50 3.94 10.48 5.06 

Training 28.13 13.11 31.17 7.99 
Standard 
Progressive Practice 29.80 9.71 32.77 11.38 
Matricese 

Control 23.27 6.73 35.58 9.47 

a N = 15 for each group 

b N = 24 for Training and Control; N = 26 for Practice 

c df = 23 

d Immediate and Delayed Posttests Combined 

e Delayed Posttest 

* E.~ .01 (Two-tailed test) 

** E.~ .001 (Two-tailed test) 

t obs.c 

1. 06 

2.36* 

3.43** 

0.81 

0.88 

4.75** 



Table 6 

Mean Number of Correctly SOlved Items and Standard Deviations for 
Standard Progressive Matrices by Treatment Condition and 

Problem SOlving Level 

Treatment Condition 

Problem Training Practice Control 
SOlving 
Level M SD N M SD N M SD N 

i£Jw 30.75 7.87 8 25.71 12.34 7 32.57 6.85 7 

Medium 29.13 7.08 8 31.89 8.98 9 34.91 11.94 11 

High 33.63 9.26 8 38.50 10.53 10 40.33 5.35 6 

Total 31.17 7.99 24 32.77 11.38 26 35.58 9.47 24 

61 



62 

examined. There were two measures of the dependent variable, 

inductive reasoning: the Letter Sets Test and the Standard 

Progressive Matrices. The Letter Sets Test was administered 

twice, once during the first testing session and once during 

the second testing session two weeks later. Therefore, a 

repeated-measures analysis of variance was used. A 3 X 3 X 2 

(Problem Solving Test level X condition X first vs. second 

testing) analysis of variance with repeated measures over the 

time of testing was performed on the data. 

Hypothesis A stated that both the training and prac

tice groups score significantly higher on the Letter Sets 

Test than the control group at both the immediate and delayed 

posttests. This hypothesis was not supported by the results 

of this study since there w~s no significant main effect for 

treatment condition, F (2, 65) =<1.0, 12~.61. The training 

and practice groups did not perform differently than the 

control group on the Letter Sets Test. There was a signifi

cant main effect, however, for level of scoring on the Prob

lem Solving Test, I (2, 65) = 4.42, 12 ~ .02. Persons who 

performed well on the Problem Solving Test also tended to 

perform well on the Letter Sets Test. A summary table of the 

analysis of variance on the Letter Sets Test scores is pre

sented in Table 7. 

Hypothesis B stated that both the training and prac

tice groups score significantly higher on the Standard 



Table 7 

Summary Table of the Analysis of Variance of the 
Letter Sets Test Scores 

Source of Variation MS df F 

Treatment of condition ( T) 28.14 2 1.00 

Level on Problem-Solving ( p) 245.65 2 4.42* 

T X P 30.45 4 1.00 

Subjects ( s) 55.58 65 

Letter Sets Test ( L) 9.92 1 1.00 

T X L 4.06 2 1. 00 

p X L 6.53 2 1. 20 

T X p X L 3.12 4 1.00 

L X s 5.43 65 

* p ~ • 02 
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Progressive Matrices than the control group. This hypothesis 

was not supported by the data. The analysis of variance for 

the Standard Progressive Matrices scores showed no signifi

cant main effect due to condition, F (2,71) = 1.26, E.~ .29. 

The training and practice groups did not score significantly 

differently from the control group on the Standard Progres-

sive Matrices. A summary table of the analysis of variance 

for the Standard Progressive Matrices scores is presented in 

Table 8. 

The third hypothesis stated that the high-scoring on 

the Problem Solving Test is already able to use efficient 

strategies, therefore practice alone adds more to the high-

scoring group's performance on the Letter Sets Test than 

self-guidance training. Hypothesis D stated that the low-

scoring group on the Problem Solving Test initially possesses 

relatively inefficient strategies for problem solving and the 

provision of strategies for them, as in the self-guidance 

training, adds more to their performance on the Letter Sets 

Test than practice does. Neither hypothesis was supported 

because of the lack of a significant interaction between 

level of scoring on the Problem Solving Test and treatment 

condition for Letter Sets Test scores, F (4, 65) =(1.0, p( - ---
.70 (see Table 7). Level of problem solving ability was not 

related to whether practice or training would be more helpful 

in raising scores on the Letter Sets Test. 



Table 8 

Analysis of Variance of the Standard Progressive 
Matrices by Treatment Condition 

Source of variation MD 

Between Groups 120.14 

Within Groups 95.35 

Total 96.03 

df 

2 

71 

73 

F 

1. 26 

65 
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Pair-wise directional contrasts devised by Dunn (Kirk, 

1968) were used to increase the power of the analysis. As 

researchers have indicated (Birren, 1970; Labouvie-Vief & 

Gonda, 1975) intersubject variability among the aged is often 

so great that it is difficult to demonstrate treatment 

effects. The Dunn contrasts allow one to compare each of the 

training and practice groups to the control group. These 

contrasts were used by Labouvie-Vief and Gonda and were 

planned statistical tests for the present study. These 

contrasts were formed separately for the immediate and de

layed posttests and the findings summarized in Table 9. 

Although the pair-wise Dunn contrasts are theoreti

cally more sensitive to small differences among the group 

scores, the Dunn contrasts also show that there was no sig

nificant difference between the training group and the con

trol group nor between the practice group and the control 

group on either the Letter Sets Test or the Standard Pro

gressive Matrices. Training or practice on the Letter Sets 

Training Booklet was not more effective than working on the 

control group task, as measured by subsequent performance on 

the Letter Sets Test or the transfer task, the Standard 

Progressive Matrices. 

Relationships Among the Cognitive Tests 

All the cognitive tests used in the present study 

correlated significantly with one another; however, the 



Table ga 

Dunn Contrasts on Training Task for Immediate and 
Delayed Posttests and on the Transfer Task for 

Delayed Posttest 

67 

Comparison 
Posttestb 

Immediate Delayed 

Training Task Control vs. Training .08 1.07 

(Letter Sets Control vs. Practice 1. 72 1.10 

Test) Training vs. Practice 1.64 2.17 

Transfer Task Control vs. Training 4.41 

(Standard Control vs. Practice 2.81 

Progressive Training vs. Practice 1. 60 

Matrices) 

a values listed in the table are the absolute value of the 
differences between the group means. 

b Critical values are: Training Task, d = 3.88 (£ <.05) 
Transfer Task, d = 6.96 (£ {.05). 
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relative size of the correlations (see Table 10) is consis

tent with expectations based on what the tests were designed 

to measure. The highest correlation was obtained between the 

two administrations of the Letter Sets Test, £ (72) = .84, 

p~.001. Examination of Table 10 shows the next highest 

correlations were obtained between the two administrations of 

the Letter Sets Test and the Standard Progressive Matrices, 

which are both measures of inductive reasoning, £ (72) = .64 

and r (72) = .60, respectively. The Problem Solving Test 

correlated significantly with both administrations of the 

Letter Sets and the Standard Progressive Matrices, but the 

correlations were more modest, £S (72) = .28, .34, and .34 

respectively, p ~. 001. These more modest correlations indi

cate that the Problem Solving Test does measure somewhat dif

ferent cognitive skills than the two measures of inductive 

reasoning. 

Results of the Multiple Regression Analysis 

Table 11 shows the results of a multiple regression 

analysis. "Dummy" variables were created for the purpose of 

doing the multiple regression analysis for the variables 

consisting of nominal data (Kim & Kohout, 1975). This pro

cedure involves using each category as a separate variable 

and assigning a code to indicate the presence or absence of 

each category for each case. The number of dummy variables 

created for each nominal variable is determined by the number 



Table 10 

Matrix of Pearson Correlations of Cognitive Tests 
for the Total Sample (N = 74) 

Letter Sets 
Test Imme-
diate Post-
test 

Letter Sets 
·Test Delayed 
Post test 

Standard 
Progressive 
Matrices 

* E ~. 001 

Letter Sets Test 
Delayed Posttest 

.84* 

Standard 
Progressive 
Matrices 

.64* 

.60* 

Problem 
Solving 
Test 

.29* 

.34* 

.35* 
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Table 11a 

Regression Analyses on the Letter Sets Test, Standard 
Progressive Matrices, and the Problem Solving Test 

Indepen-
Dependent Multiple dent 
variables Regression variables Beta F 

Letter Sets .70 Education .so 26.87** 
Test Imrne- Age -. 35 14.78** 
diate Post- Practice 
test Condition .17 3.52* 

Occupation .15 2.54* 

Letter Sets .72 Edu'cation .43 20.39** 
Test Delayed Age -.39 18.75** 
Post test Practice 

Condition .15 2.89* 
Level of 

Problem 
Solving 
Strategy .15 2.58* 

Occupation .15 2.40 

Standard Pro- .45 Level of 
gressive problem-
Matrices solving 

strategy . 25 4.78** 
Age -.25 4.77** 
Occupation .19 3.07* 

70 

df 

4,64 

5,63 

3,65 

a Only the factors with a significant F ratio are printed in 
this table. 

* p < . 05 
** E. i. 01 
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of categories minus one, since the value of the last dummy 

variable is determined by the preceding variables (Kim & 

Kohout, 1975). 

For the purpose of analysis, education was coded into 

seven levels (see Table 1). The category of "business or 

technical training" was treated as the equivalent of a high 

school education. Education was the most salient variable 

for performance on the immediate and delayed posttests of the 

Letter Sets Test. Educational level completed was more 

closely related to performance than the variable of age. Age 
: 

was negatively related to performance and was the second most 

important variable contributing to performance on both admin-

istrations of the Letter Sets Test as well as on the Standard 

~regressive Matrices. 

Problem solving strategy level (high, middle, or low 

score on the Problem Solving Test) was considered to be a 

subject variable and was analyzed as an independent variable 

for the multiple-regression analyses. Level of problem 

solving strategy was positively related to performance on the 

second administration of the Letter Sets Test as well as on 

the Standard Progressive Matrices. Persons who performed 

well on the Problem Solving Test also tended to perform well 

on both tests of inductive reasoning at the time of the 

second testing. 
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Occupation was coded into eight categories and the 

categories were ranked in order according to the amount of 

education or experience required. Persons of high occupa

tional status tended to perform above average on both admin

istrations of the Letter Sets Test and the Standard Progres

sive Matrices. 

Having been assigned to the practice condition was 

positively related to performance on the Letter Sets Test at 

both administrations. The practice group in the present 

experiment did have higher mean scores than the training and 

control groups, but both the analyses of variance and the 

Dunn contrasts indicated that these differences were so smail 

that the differences were probably due to chance. 



DISCUSSION 

Four hypotheses were tested in the present study: 

(1) both the training and practice groups score significantly 

higher on the Letter Sets Test than the control group at both 

the immediate and delayed posttests; (2) both the training 

and practice groups score significantly higher on the Stan

ard Progressive Matrices than the control group; (3) the 

high-scoring group on the Problem Solving Test is already 

able to use efficient strategies, therefore practice adds 

more to the high-scoring group's performance than self

guidance training; and (4) the low-scoring group on the 

Problem Solving Test initially possesses relatively ineffi

cient strategies for problem solving and the provision of 

strategies for them, as in the self-guidance training, adds 

more to their performance than practice does. Although the 

results of the present study indicated that level of problem 

solving ability was positively related to performance on the 

measures of inductive reasoning, there were no significant 

differences among the training, practice, or control groups 

on the Letter Sets Test or on the Standard Progressive 

Matrices. The predicted interaction between initial level of 

problem solving ability and treatment condition was not 

observed. Therefore, the four hypotheses were not supported 

by the results of this study. 

73 
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In this section of the paper, reasons why the hypo

theses may not have been supported are discussed. Reasons 

why the findings of the present study differed from the 

findings of Labouvie-Vief and Gonda's study and implications 

for future research are suggested. 

Characteristics of the Participants in the Present Study 

The mean scores on the Standard Progressive Matrices 

for all treatment groups in the present study were higher 

than average according to norms published by Raven (1960), 

i.e., means in the 70-83 percentile range. This indicates 

the participants in the present study were above average in 

their intellectual functioning compared to the national norms 

for persons of their age. The control group, which had no 

training or practice on the Letter Sets Test, scored on the 

average, at the 83rd percentile on the Standard Progressive 

Matrices. When participants in a study perform above average 

without training, it is difficult to demonstrate improvements 

related to training because of ceiling effects. 

No attempt was made to get individuals who were con

sidered above average in intelligence to participate in the 

present study and no direct assessment of IQ was made. 

However, since all the participants in the present study were 

volunteers, there may have been some self-selection with the 

result that highly intelligent people volunteered more often. 

As noted previously, volunteers tend to be above average in 
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intelligence and self-confidence (Birren, 1959). Results 

based on such studies may not be generalizable to all indivi

duals of that age group. 

Only two persons who agreed to participate withdrew 

their consent. Both did so early in the first testing ses

sion and their decision seemed to be due to their discovery 

of the difficult nature of the tasks. One individual was 

from the training group and one was from the control group so 

there was no systematic withdrawal from the various treatment 

conditions. The woman who withdrew from the training group 

said that she did not see the importance of answering all 

these questions (of the Problem Solving Test) and if that was 

what people studied in school now, then they are wasting 

their time. This individual did not understand the instruc

tions to the Problem Solving Test and the researcher had to 

repeat the instructions several times. The woman's frustra

tion and embarrassment probably contributed to her negative 

·evaluation of the task and her refusal to participate any 

further. The woman who withdrew from the control group said 

that she was an artist and wanted to be interviewed about her 

art but did not like to do puzzles (the Problem Solving 

Test). Every person who completed the first testing session 

also completed the second testing session. 



Comparison of the Present Study and the Labouvie-Vief and 

Gonda Study 

76 

As noted, the participants in the present study scored 

higher than those in the Labouvie-Vief and Gonda (1975) study 

on both administrations of the Letter Sets Test as well as 

on the Standard Progressive Matrices. There are two possible 

explanations for the difference: either the training or 

practice conditions were not conducted in the same manner or 

the two samples were not equivalent. Every effort was made 

to use the procedure and instructions that were used by 

Labouvie-Vief and Gonda so that the results of the two 

studies could be compared. Instructions were reconstructed 

from the article published by Labouvie-Vief and Gonda (1975) 

and the present researcher contacted the senior author by 

telephone regarding details of the procedures used. There 

are indications, however, that the two samples of partici

pants differed in three characteristics: (a) ability, (b) 

age, and (c) income. The fact that higher scores were also 

obtained by the control qroup of the present study than for 

the Labouvie-Vief and Gonda study suggests the two samples 

were probably not equal in ability. The mean age of partic

ipants in the present study was 67.5 years compared to the 

mean age of 76 reported by Labouvie-Vief and Gonda. Age was 

found to be negatively related to performance on the Standard 

Progressive Matrices and the Letter Sets Test among 
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participants in the present study. The participants of the 

present study may have scored higher than Labouvie-Vief and 

Gonda's participants partly because they were younger. All 

of Labouvie-Vief and Gonda's participants were recruited from 

senior-citizen housing for low-income persons and were 

offered $9.00 to participate in the testing. In the present 

study most of the seniors were not paid for their participa

tion and most did not live in senior-citizen housing. Early 

in the data collection there was extreme difficulty in locat

ing participants and so the experimenter offered S7.00 for 2 

hours of testing to members of a senior-citizens center. 

Only 11 persons accepted the offer {15 percent of the total 

number of subjects) and the offer of money did not appear to 

attract subjects more than talking to persons and asking them 

to recommend others. After the data collection was com

pleted, the scores of the participants who were paid were 

compared to those who were not paid. There was no statis

tical difference between the scores on either administration 

of the Letter Sets Test or on the Standard Progressive 

Matrices, so all the scores were analyzed together. 

Preferred Style of Problem Solving 

Participants often demonstrated they had a particular 

style or preferred method of approaching the training and 

practice items in the Letter Sets Training Booklet. Some 

individuals in the training group wanted to solve the 
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problems independently and the examiner had to continually 

prod them to use the self-instructional statements. On the 

other hand, some individuals in the practice group contin

ually asked the examiner for the correct answer even though 

they were instructed that the researcher was interested in 

how well they could work the problems on their own. Indivi

duals in the practice group were reinforced for working each 

problem without correcting their errors. Some individuals 

objected when they realized that the examiner would not tell 

them whether their answer was right or wrong. A few indivi

duals even suggested the examiner was being hypocritical for 

praising them for working the problem even if the answer was 

wrong. The examiner replied that she was interested in 

seeing how well they could do on their own by practicing. 

Many individuals seemed to have strong preferences for a 

problem-solving style, many attempting to solve the problem 

their own way without following the examiner's instructions 

and others wanting feedback and approval for each answer. It 

often seemed that the more capable individuals wanted to 

solve the problems independently and that those of lesser 

capability or lesser self-confidence sought more guidance 

from the researcher. The most difficult aspect of conducting 

the experiment was reminding the participants of how they 

were to approach the task and why it was important for them 

to do their best to follow the instructions. The examiners 



had to continuously prompt the participants of· the training 

group to use the self-guidance questions. 

Difficulty Level of the Cognitive Tasks 

79 

The Letter Sets Test is a difficult task and for that 

reason it was chosen by Labouvie-Vief and Gonda (1975). They 

stated that it would be more impressive to show an increase 

in performance on a difficult task than on a simple task. 

This may be the case, but it seemed that the difficult nature 

of the tasks exacerbated the anxiety and fear of making a 

mistake for some participants in the present study. The 

nature of the training task in itself was so difficult that 

attempts to have the participant repeat the self-guidance 

questions seemed to be confusing to many persons in the 

training group. The self-guidance questions themselves 

seemed to make the training more complex by increasing the 

amount of material that the individual was required to remem

ber. Rabbitt (1977) noted that when a task becomes extremely 

complex, a person will tend to perseverate with a simple 

strategy rather than use no strategy at all. He also stated 

that older persons will tend to use simpler strategies when 

both simple and complex strategies are available. The 

persons in the training condition of the present study seemed 

to prefer their own simple strategies to the rather com

plicated strategies modeled by the experimenter. 
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Labouvie-Vief and Gonda concluded that their practice 

group performed better than the other groups because they 

were free to form their own strategies and that the training 

group was prevented from forming or using their own strat

egies because the experimenter's strategy was imposed on 

them. The present researcher's opinion is slightly different 

from their conclusion. It seems that the combination of a 

difficult task and complicated self-guidance statements made 

the training task so complex that the individuals assigned to 

the training group resisted the experimenter's strategy and 

preferred their own more simple strategies. The interference 

seems to be due to the task complexity. The practice group 

may have performed slightly better because they were required 

to learn only one new task rather than the two tasks required 

of the training group. 

Individual Differences 

There was a wide range in scores on all the tests used 

in the present study. There were also differences in the 

conduct of the participants. Some individuals seemed confi

dent and said they enjoyed working on the tests and would 

participate in future studies if they could. Other indivi

duals began the first testing session with a comment such as 

"now you' 11 see how dumb I am." Anxiety and fear of making 

mistakes were not only observed in the practice and training 

groups who worked on the difficult Letter Sets Training 
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Booklet, but in some members of the control group who prac

ticed the easier task of word fluency. Some individuals in 

the control group continually asked the examiner to "check" 

their words to see if they were doing the task correctly. 

The present study was designed to examine the effect of 

individual differences in problem solving strategies which 

are cognitive in nature. It seems that personality factors 

such as self-concept or anxiety may be important to investi

gate as well. Future research on cognitive performance 

should systematically investigate how such factors as these 

are related to performance in older adults. 



SUMMARY 

The present study was designed to clarify the issue of 

strategy formation and strategy interference raised by 

Labouvie-Vief and Gonda (1975). They compared the perfor

mance of four groups of elderly women on the Letter Sets Test 

and on the Standard Progressive Matrices. They compared 

self-guidance training, practice, anxiety training, and a 

control group and found that the practice group most con

sistently scored higher than the other groups. Labouvie

Vief and Gonda concluded that the practice group's superior 

performance was du.e to the fact that many adults possess 

their own problem solving strategies and the training imposes 

the experimenter's strategy which may interfere with the 

individual's using or forming her own strategy. The hypo

theses of the present study were designed to determine the 

relationship between initial level of problem solving ability 

and type of training or practice received. 

The present study examined the effects of training and 

practice on performance on two tests of inductive reasoning 

for older adults of three levels of efficiency of problem 

solving strategy. All adult volunteers (mean age= 67.5 

years) were relatively healthy and living independently in 

the community. There were 54 female and 20 male par tici-
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pants. Participants were randomly assigned to one of three 

treatments: self-guidance training (training to use self

instructional statements while working on a test of inductive 

reasoning, the Letter Sets Test), practice (on the Letter 

Sets Test with no training or feedback), or a control group 

which worked on an irrelevant task of word fluency. 

During the first training session, all participants 

were pretested on the Problem Solving Test to determine the 

efficiency of their problem solving strategies. Participants 

were later assigned to one of three levels of problem solving 

ability on the basis of their pretest scores. After the 

pretest, participants of the training, practice, and· control 

groups worked on their respective tasks. At the end of the 

session, participants were tested on an alternate form of the 

Letter Sets Test. Two weeks after the training session, 

participants were retested on the Letter Sets Test to deter

mine the long-term effects of training and practice and were 

also tested on a transfer task, the Standard Progressive 

Matrices to determine the generalizability of training and 

practice. Four hypotheses were tested: (a) both the train

ing and practice groups score significantly higher on the 

Letter Sets Test than the control group at both the immediate 

and delayed posttests; (b) both the training and practice 

groups score significantly higher on the Standard Progressive 

Matrices than the control group; (c) the high-scoring group 
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on the Problem Solving Test is already able to use efficient 

strategies, therefore, practice adds more to the high-scoring 

group's performance on the Letter Sets Test than self

guidance training; and (d) the low-scoring group on the 

Problem Solving Test initially possesses relatively ineffi

cient strategies for problem solving, therefore, the pro

vision of strategies for them, as in the self-guidance train

ing, adds more to their performance on the Letter Sets Test 

than practice does. 

The level of problem solving ability was positively 

and significantly related to performance on both measures of 

inductive reasoning and there were no significant differences 

among the training, practice, or control groups on the Letter 

Sets Test or on the Standard Progressive Matrices. The 

predicted interaction between initial level of problem 

solving ability and treatment was not observed. Therefore, 

the four hypotheses were not supported by the results of this 

study. Although the practice group did score slightly higher 

than the training and control group of the present study on 

the Letter Sets Test and on the Standard Progressive 

Matrices, there was no statistically significant difference 

among the three groups. 

There were indications that the participants of the 

present study differed from the participants in the Labouvie

Vief and Gonda (1975) study on three characteristics: 
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(a) ability, (b) age, and (c) income. These differences 

between the two samples may be reflected in their performance 

and may have led to the difference in results found by the 

two studies. Participants in the present study were above 

average in their intellectual functioning compared to 

national norms for persons of their age. The control group, 

which received no training or practice on the test of induc

tive reasoning, scored, on the average, at the 83rd percen

tile on the Standard Progressive Matrices according to norms 

published by Raven (1960). When the participants are able to 

perform above average without training, it is difficult to 

demonstrate improvements related to training because of 

ceiling effects. Since all the participants of the prese~t 

study were volunteers, there may have been self-selection 

with the result that highly intelligent people volunteered 

more often. 
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DEMOGR..n.PHIC INTERVIEW 

Date -------
Name Number ---------------------- ---------------------
Education: 1. some grade school 

Age _______________________ __ 

2. grade school Education 
3. high school ---------------
4. some college 
5. college graduate 
6. some graduate school 
7. M.A. 
8. Ph.D. 
9. other --------------

Marital Status: 
1. single 
2. married 
3. remarried 
4. separated 
5. divorced 
6. widow 

Living Arrangement: 
1. with family or 

spouse 
2. with others 
3. alone 

Present Work Status: 

1. retired 
2. working part-time 
3. working full-time 

Past Occupations List: 

Did you have any maJor change in 
life in the past six months? 
1. yes 2. no 

Marital 
Status ----------------------

Living 
---~---------------Arrangement 

Past 
Occu_p_a~t~i-o_n_s ______________ __ 

your 

Major 
Change 

If yes, then what was the change? 
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HEALTH STATUS CHECKLIST 

Very Very Total 
No Mild Mild Serious Serious Disa-

Problero Problem Problem Problem Problem bility Comments 

I. Eyesight 

2.Hearing 

3.Speech 

4.Heart 

5. Liver-
Kidney 

6.Stomach 
Intestinal 

7. Teeth 

8.Respira- ' 
tor_y-Lunas 

9.Blood 
Pressure 

lO.Blood 
Count 

ll.Circu-
lation 

l2.Arthri-
tis 

13. Dtabe-
tes 

14 .Cancer 

15. Tumor 

lf5. i·lemory 

17 .~!obil-
ity 

UL Stroke 

19.Edema 

2(] .Other I j 
-----
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Problem Solving Test Recording Form 

Date ------
Name Number 

-~--~-------------------------- -------------------Jones fam1.ly 
Sequence of 
questions 

Question 
value 

Divided by 

Cumulated 
values 

Time 
----Initial appraisal (read problem and questions) 

Time when first question selected 
Time when second question selected 
Time when third question selected 
Time when fourth question selected 
Time when fifth question selected 
Time when sixth question selected 

* * * * * * * * * * * * * * * * TOTAL TIME 

Horses 
Sequence of 
questions 
Question 
value 
Divided by 

Cumulated 
values 

TIME Initial appraisal (read problem and questions) 
Time when first question selected 
Time when second question selected 
Time when third question selected 
Time when fourth question selected 
Time when fifth question selected 
Time when sixth question selected 

TOTAL TIME 



Order 
of 

Selec-
tion 1 

1. .13887 

2. 

3. .01388 

4. 

Sum .15275 

Weights for Questions of Item 1 
of the Problem Solving Testa 

Questions 
2 3 4 5 

.13888 

.11111 .13888 .02776 

.12499 .01388 

• 04164 

.11111 .40275 .04164 .04164 

97 

6 Sum 

.12500 .40275 

.12500 .40275 

.15275 

.04164 

.25000 .99989 

aThis table of weights was devised by Hill (1962, p. 73). 



Order 
of 

Selec-
tion 1 

1. .13887 

2. 

3. .01388 

4. 

Sum .15275 

Weights for Questions of Item 2 
of the Problem Solving Testa 

Questions 

2 3 4 5 

.12500 .13888 

.• 11111 .12500 .02776 .13888 

.01388 .12499 

.11111 .25000 .40275 .04164 

98 

6 Sum 

.40275· 

.40275 

.15275 

.04164 .04164 

.04164 .99989 

aThis table of weights was constructed by the present experi
menter in the format developed by Hill (1962, p. 74). 
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Name 
----------------------------------~---------------

Training Booklet 

Letter Sets Test 

Each problem in this test has five sets of letters with 
four letters in each set. Four of the sets of letters are 
alike in some way. You are to find the rule that makes these 
four sets alike. The fifth letter set is different from them 
and will not fit this rule. Draw an X through the set of 
letters that is different. 

Note: The rules will not be based on the sounds of sets 
of letters, the shapes-of letters, or whether letter 
combinations form words or parts of words. 

Examples: 

A. NOPQ ABCD HIJK uwx 

B. NLIK PLIK QLIK * VLIK 

In Example A, four of the sets have letters in alphabeti
cal order. An X has therefore been drawn through DEFL. In 
Example B, four of the sets contain the letter L. Therefore, 
an X has been drawn through THIK. 

These are practice problems. Do not guess at the answers 
but try to figure out the rule that makes the four letter sets 
look alike and then find the fifth letter set that does not 
fit the rule. 



1. ACDE FHIJ 

2. KBKR EKTK 

3. AEOU DSWP 

4. ABDE KLNO 

5. UDAS TFCU 

6. RCDS UGHV 

KMNO 

KHKU 

GVLR 

FGJK 

YHET 

XLMY 

Training booklet 
Page 2 

PRST UXYZ 

KDSK PKZK 

BFPM TPKV 

QRTU UVXY 

JTRA LYTI 

AJKB ETYF 
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7. CDFE GIHJ 'KLNM 

8. WCAJ SMKK TCET 

9. ACPR JLRT DFVX 

10. CDDC SRRS KLLK 

11. FEFF JIJJ OOPO 

12. BAIX BEUX BEIX 

Training booklet 
Page 3 

OPRQ STVU 

OHBB YDFY 

CNEP FHNP 

HIIH XYYX 

SSST YYZY 

BSTX BAUX 
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13. MCDP OGHR SLMV 

14. BAAB FEEF STTS 

15. CFQX IKTY LPSZ 

16. BCDV FGHV JKLV 

17. BGCH FKGL HLIN 

18. CDFE JKGI MNPO 

Training booklet 
Page 4 

HRSJ BTYF 

LKKL JIIJ 

LRTW XSPN 

PQRV STUX 

QTRU SYTZ 

QRTS STVU 

102 



19. FFUU HHWW VVGG 

20. DCBA HGFD HIJK 

21. RJGC BFJK ABNQ 

22. sscs DDST GVFG 

23. ABBA KJKK NNNO 

24. MRMW ESHM EMFM 

Training booklet 
Page 5 

JJYY IIXX 

MNOP UTSR 

YWSR KJGD 

KYHK TTBT 

GGGH SRSS 

JTMM MMVW 
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25. CDEF HIJK MNOP 

26. ACAA AGBA AJAA 

27. BCDF FGHJ JKLN 

28. JFCA CEHL LJGC 

29. ACBD EGFH IKJL 

30. AMNB EMNF IMNJ 

RTUV 

AAKA 

OPQT 

IKNR 

MONP 

MSTP 

Training booklet 
Page 6 

WXYZ 

P..AFA 

vwxz 

EGJN 

QSTR 

SMNT 

104 



Exception: 

1. UXYZ 

2. KDSK 

3. AEOU 

4. FGJK 

5. UDAS 

6. ETYF 

7. GIHJ 

8. WCAJ 

9. CNEP 

10. SRRS 

11. SSST 

12. BSTX 

13. BTYF 

14. STTS 

15. XSPN 
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Scoring Key for Training Booklet 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Rule: 

Skip second letter of each set. 

Put one letter between the repeated letters. 

All the other sets are consonants. 

The middle letter of each set is missing. 

All sets contain the letter II t II 
0 

The two middle letters of each set are con-
secutive in the alphabet. 

All other sets follow alphabetical order 
1243. 
The last two letters of each set are 
reversed. 

Each set has a double letter. 

First and second letters of each set are in 
alphabetical order with one letter skipped 
and the third and fourth letters of each 
set are in alphabetical order with one 
letter skipped. 

The letter that comes first in the alphabet 
is at the beginning and end of each set. 

There are three letters the same in each 
set but all three letters are not adjacent 
to one another. 

The two center letters of each set are 
vowels. 

The two middle letters of each set are con
secutive letters in the alphabet. 

The letter that comes first in the alphabet 
is in the middle of each set. 

Letters of each set are in alphabetical (but 
not consecutive) order. 



Exception: 

16. STUX Rule: 

17. HLIN Rule: 

18. JKGI Rule: 

19. VVGG Rule: 

20. HGFD Rule: 

21. RJGC Rule: 

22. DDST Rule: 

23. ABBA Rule: 

24. ESHM Rule: 

25. RTUV Rule: 

26. AGBA Rule: 

27. OPQT Rule: 

28. LJGC Rule: 
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Each of the sets contains the same letter 
except for one set. 

The first and third letter of each set are 
consecutive letters in the alphabet. The 
second and fourth letters of each set are 
consecutive letters in the alphabet. 

All letters are consecutive letters in the 
alphabet but the last two letters of each 
set are reversed. The pattern is 1243. 

The letter that comes first in the alphabet 
is at the beginning of each set. 

Letters of each set are consecutive letters 
of the alphabet (even though they may be 
rever sed) • 

Each set has two letters that are consecu
tive letters of the alphabet. 

Sets begin and end with the same letter. 

Each set has three of the same letter. 

The same letter is repeated twice in each 
set. 

Each set contains four consecutive letters 
of the alphabet. 

Each set has three of the same letter. 

The letter of the alphabet that comes 
between the third and fourth letter of 
each set is skioped. 

Start with one letter of the alphabet then 
skip one letter and write the next letter, 
then skip two letters, write the next 
letter, then skip three letters and write 
the next letter. 

ABCDEFGHIJ *** CoEpGHIJKL *** IJKLMNQpQR *** 

EpGHIJKLMN 



Exception: 

29. QSTR Rule: 

30. MSTP Rule: 
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Four consecutive letters of the alphabet 
with the second and third letters reversed. 

The same two letters are repeated in the 
center of each set. 
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